Background: The number of surgeons entering fellowship training before independent practice is increasing. This may have a negative impact on surgeons in training. The impact of fellowship training on patient outcomes is not yet known. This review aimed to investigate the impact of fellowship training in surgery on patient outcomes.
Introduction
Over the past decade, the model of apprenticeship for surgical training has changed. The readiness of general surgery trainees (surgeons in specialty training) to enter fellowship training and independent practice is an issue of repeated debate and controversy 1, 2 , and the number of graduating trainees undertaking a fellowship to extend their training has increased in recent years 3, 4 .
This increase has had an impact on the quality of surgical trainee education and training. Some studies suggest that fellowships may have a negative impact 5 . Research in this area has tended to focus on how surgical trainees are affected by fellowship training programmes. The impact of fellowship training on patient outcomes, however, is unclear. The extra training provided to surgeons during fellowship programmes will increase experience and procedural volume, but whether this translates to improved outcomes remains to be seen.
Patient outcomes should be recognized as important measures of the quality of surgical training programmes 6 . A review 7 of 54 467 patients indicated that trainee involvement in appendicectomy procedures was an independent risk factor for complications.
How trainee involvement in surgery affects outcomes has not been answered definitively, partly owing to the different training schemes in different countries and continents 8 . In addition, the role of the trainee in these reports is not consistent; some explored any surgery with trainee involvement, whereas others specified that the trainee was the primary operator. Few reports mentioned the issue of fellowship training in surgery.
The aims of this systematic review and meta-analysis were therefore to explore associations between patient outcomes for: attending surgeons with or without fellowship training; institutions with an affiliation to a fellowship training programme compared with those without; and fellowship-trained faculty surgeons compared with current fellows in training.
Methods
For the purposes of this review, a fellowship in surgery was defined as 'an optional, additional period of clinical practice undertaken within a defined specialty or subspecialty area by a surgeon not in a substantive "attending" or "consultant" position, where this attachment is not a mandatory requirement of their training programme' 4 . The terms 'attending' or 'consultant' refer to surgeons engaged in independent clinical practice. The term 'trainee' refers to a surgeon enrolled in a specialty training programme, and the term 'fellow' refers to a surgeon who has completed specialty training and has sought further training before beginning independent practice.
Data sources and search strategy
The Ovid MEDLINE, Embase and PsycInfo databases were searched for the following keywords using the conjunction 'OR': surg* and operat*. These terms were combined with the keyword 'fellowship' using the conjunction 'AND'. The search was completed on 19 September 2013. Limits were applied and duplicates removed before all citations underwent abstract and then full-text screening by two independent reviewers. The search was limited to articles published during or after the year 2000 as it was felt that the dynamic nature of surgical training would render papers more than 10 years old out of date. Articles were included if they were original research studies reporting the impact of fellowship training or fellowship programmes on patient outcomes in any general surgical specialty. These wide inclusion criteria were selected to ensure that research relevant to the aims of this review was not excluded before full-text analysis and data extraction. Articles were excluded if they were not empirical, not focused on general surgery or were not written in English. Only studies reporting the results of procedures performed by fellows as the primary operator were included. Studies reporting fellow involvement were not included. Selected articles were identified and their reference lists hand-searched to enhance the sensitivity of the search.
Data extraction and outcome measures
Once all articles for inclusion had been identified, the study design and findings of each were entered into a structured data extraction form. Data were extracted by two independent researchers with resolution of discrepancies by re-examination of the article and consultation with the research team until consensus was reached. The primary outcome was mortality rate. Secondary outcomes included postoperative complication rates, rates of conversion from laparoscopic to open surgery, length of stay and the number of lymph nodes retrieved during oncological surgery. Outcomes were compared for attending surgeons with and without fellowship training, institutions with and without an affiliated fellowship training programme, and attending surgeons versus current fellows in training. The Meta-analysis Of Observational Studies in Epidemiology (MOOSE) 9 and Preferred Reporting Items for Systematic reviews and Meta-analyses (PRISMA) 10 guidelines were followed closely.
Statistical analysis
Studies considered eligible for meta-analysis had their data pooled according to the aims of the review. Meta-analysis was undertaken only if a minimum of three articles provided appropriate data. Analysis was performed using Stata ® version 12 (StataCorp, College Station, Texas, USA). Odds ratios (ORs) were extracted from the included articles, or derived from actual incidence rates, as appropriate, and combined using a random-effects model (DerSimonian and Laird method) 11 . Data heterogeneity was assessed using the I 2 test, using cut-offs as recommended by the Cochrane Collaboration 12 . P < 0⋅050 was considered statistically significant; where the 95 per cent c.i. was reported it was considered significant if the values did not cross 1⋅0. Study quality was assessed by two independent researchers using the Newcastle-Ottawa scale for cohort studies 13 ; studies were not excluded based on quality.
Results
A total of 23 articles 14 -36 met the inclusion criteria and were included in the analysis (Fig. 1) . All articles were cohort studies, of which six 15, 22, 31, 33, 35, 36 involved prospectively created databases. Some 19 articles originated from North America, with others coming from China, Europe and Australia. The median quality score for the included studies was 6 (range 5-8); the maximum possible score was 9. The two independent raters had a high level of agreement (weighted κ = 0⋅767). The characteristics and scores for each article are shown in Table 1 , and in expanded form in Table S1 (supporting information).
Qualitative synthesis
There were three different types of comparison used in the 23 studies. Eleven studies 14 -24 compared patient outcomes achieved by attending surgeons with versus those without fellowship training in their specialist field. Six studies compared patient outcomes for centres with affiliated fellowship training programmes with those without 25 -29 , or outcomes for a single centre before and after the introduction of a fellowship programme 30 . Six studies 31 -36 compared outcomes achieved by attending surgeons with those of current fellows (Table S1 , supporting information). The definitions of a surgical fellowship used in each study are shown in Table S2 (supporting information).
Comparison of attending surgeons with versus without fellowship training
Of the 11 studies 14 -24 comparing outcomes for attending surgeons with versus without fellowship training, two 18, 19 found no difference between groups for patient mortality. One study 24 found decreased survival in patients undergoing aortic aneurysm repair, treated by a general surgeon rather than a vascular or cardiothoracic fellowship-trained surgeon. Five studies 19 -23 compared the rate of conversion from laparoscopic to open surgery, with four finding no difference between fellowshipand non-fellowship-trained surgeons. A single study 21 reported lower conversion rates for patients undergoing appendicectomy by fellowship-trained surgeons (1⋅4 versus 5⋅2 per cent; P < 0⋅034). Two 19,23 studies reported complication rates; one 19 found no difference between fellowship-trained and non-fellowship-trained surgeons, whereas the other 23 identified lower rates of intraoperative and late complications (P = 0⋅003) for patients undergoing laparoscopic gastric bypass (LGB) by a fellowship-trained surgeon. Two studies 16, 17 reported that the number of lymph nodes retrieved during oncological colorectal resection significantly increased when a fellowship-trained surgeon performed the procedure. A single study 23 reported decreased length of stay in the hospital and intensive care unit (ICU) (both P < 0⋅001) after LGB performed by a fellowship-trained surgeon.
Comparison of centres with versus without affiliation to a fellowship training programme
Of the six studies 25 29 , and among patients with blunt trauma in centres with a fellowship programme (OR 0⋅4, 95 per cent c.i. 0⋅1 to 0⋅8) along with decreased length of stay in the ICU and overall 25 .
Of the four studies 26 -28,30 that explored complication rates, one 26 identified lower rates of splenectomy and pneumonia after bariatric surgery, and the other three 27, 28, 30 reported mixed results with some complications increased and some decreased between fellowship and non-fellowship groups.
Comparison of attending surgeons versus current fellows in training
The four studies 31 -34 that compared mortality after procedures performed by attending surgeons versus fellows currently in training reported no difference. Five 31 -33,35,36 also reported no difference in complication rates. Three studies 32, 33, 35 reported length of stay, with two 32, 35 finding no difference and the other 33 a significantly decreased length of stay for patients undergoing laparoscopic colorectal resection by fellows (7 versus 8 days; P < 0⋅001).
Meta-analysis

Comparison of attending surgeons with versus without fellowship training
Five studies 19 -23 reported data in sufficient detail to allow pooling and comparison of outcomes for 4889 patients. The only outcome for which meta-analysis was possible was the rate of conversion from laparoscopic to open surgery, with two studies 19, 23 related to LGB, and one each for laparoscopic cholecystectomy 20 , laparoscopic appendicectomy 21 and laparoscopic colorectal resection 22 . Attending surgeons without fellowship training had a higher rate of conversion than those with fellowship training (risk ratio (RR) 1⋅04, 95 per cent c.i. 1⋅03 to 1⋅05) (Fig. 2) . The heterogeneity of studies within this analysis was 0⋅0 per cent. Oliak et al. 19 Sakpal et al. 20 
Comparison of centres with versus without affiliation to a fellowship training programme
Three studies 26, 28, 29 reported data for mortality that were amenable to meta-analysis, consisting of outcomes for 609 683 patients. Centres with affiliated fellowship training programmes were found to have significantly lower mortality rates than those without a programme (OR 0⋅86, 95 per cent c.i. 0⋅84 to 0⋅88). Three studies 26 -28 also reported sufficient data to perform meta-analysis of complication rates for 165 043 patients. This revealed that complication rates were lower in fellowship centres (OR 0⋅90, 0⋅78 to 1⋅02), although this was not statistically significant (Fig. 3) . The heterogeneity of studies in the mortality analysis was 0⋅0 per cent, whereas for complications it was moderate at 42⋅5 per cent.
Comparison of attending surgeons versus current fellows in training.
Four studies 31 -34 reported data for 9820 patients comparing mortality rates for procedures performed by faculty versus current fellows. Five 31 -33,35,36 reported complication rates for 4743 patients and four 31, 33, 35, 36 reported the rate of conversion from laparoscopic to open surgery for 2974 patients. Meta-analysis revealed no significant differences for mortality (RR 1⋅00, 95 per cent c.i. 1⋅00 to1⋅01), complications (RR 1⋅03, 0⋅98 to 1⋅08) and conversion to open surgery (RR 1⋅01, 1⋅00 to 1⋅01) (Fig. 4) . The heterogeneity of studies for the mortality and conversion rates analysis was 0⋅0 per cent; it was moderate for the complications analysis at 25⋅6 per cent.
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Discussion
This systematic review and meta-analysis found modest but significant reductions in the rate of conversion from laparoscopic to open surgery in attending surgeons with minimally invasive fellowship training compared with those without. The analysis also revealed improved mortality and complication rates for patients treated in an institution affiliated with a fellowship training programme. There was no difference in outcomes for patients operated on by faculty surgeons compared with current fellows. Taken collectively, these results support the implementation of surgical fellowship training programmes as they have a positive impact on patient outcomes. Outcomes during minimally invasive fellowship training have been reported previously 37, 38 and tend to improve after completion of a learning curve of approximately 100 procedures 39 . This is in agreement with the results in this review, the implication being that fellowship training results in improved patient outcomes compared with outcomes for surgeons who begin independent practice without fellowship training.
The affiliation of an institution with a fellowship training programme appeared significantly to reduce mortality rates for surgical patients across a number of subspecialties. The present analysis involved a large number of patients, and the association between fellowship training programmes and improved outcomes was strong. This is an important finding as previous research has concentrated on the impact of fellowship programmes on trainee education rather than patient outcome measures 5 .
The lack of a difference in outcomes for faculty surgeons and current fellows might relate to the fact that the majority of studies exploring this comparison originated from the USA where all surgeons of non-attending grade are supervised by an attending surgeon who is present in the operating theatre. This means that the high level of supervision in these patients may have negated the impact of clinical grade of the operating surgeon 40 . Other studies 41,42 have described similar outcomes for patients, regardless of the level of trainee involvement in the procedure. A large number of confounders present when comparing different training grades may also play a role 43 . The impact of trainee participation in surgery on outcomes remains a subject for debate 44, 45 , but current literature tends to ignore the beneficial bridging role fellowship training may play between a standard training programme and independent surgical practice, hence the relatively low number of studies in the present review.
This review has limitations, the most important of which is the quality of the available data. A lack of adequate risk factor adjustment and the heterogeneity of the reporting of procedural volume or total years in training limited meta-analysis to a relatively small number of studies. A large number of included studies used retrospective data collection, subject to coding errors and under-reporting of complications. The international nature of the data meant that there was variation in the definition of a fellow between studies from the USA, Europe and Asia, although consideration of the structure of surgical training is a worldwide issue 8, 46 . Some publication bias must be considered, as negative findings on patient outcomes may not be published as willingly or commonly as positive findings. One 29 of the studies in this review contributed a large amount of the patient data for meta-analysis, so that weighting was not equal between studies. Although some studies attempted to control for the procedural volume of surgeons, this was not done by all. If the outcomes for a new attending surgeon were compared with those of a senior fellow close to completing their training, a difference in outcomes would seem very unlikely, and the results of this review are limited by this confounder.
The results of this analysis must be interpreted with caution, as the determination of causality was not possible. The presence of a fellow or fellowship programme may indicate a robust clinical programme, which itself would usually be associated with improved patient outcomes.
On the other hand, pooling of data into large cohorts has given power to the analyses in this study and allowed the detection of differences that were not necessarily found in the original articles. The inclusion of data from multiple centres, countries and specialties increases the generalizability of the findings. The exclusion of studies where fellow involvement was mentioned (where the operation might have been done by an attending/consultant surgeon) and inclusion only of studies in which the fellow was the primary operator strengthens these findings. In certain specialties, it has been shown that fellowship training improved outcomes, and this could be recommended for surgeons wishing to pursue minimally invasive bariatric 23, 26 , oncological colorectal 16, 17 , endovascular 24, 29 and laparoscopic general 21 surgery. The impact of fellowship training on other surgical trainees is an important consideration. The presence of a more highly qualified fellow may adversely affect both the volume and range of procedures with which the trainee might expect to be involved. This question could not be addressed by this review, but merits further investigation.
